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EFFECT OF LEADING-EDGE-FLAP D E F E T I O N  ON THE WING 

MADS, LOAD DISTRIBUTIONS, AND FLAP KINGE 

AIRPLANE AT TRANSONIC SPEmX* 

By E a r l  R . Keener, Norman J. McLeod, 
and Norman V. Taillon 

W i n g  loads and load distributions were obtained by differential- 
pressure measurements  between the upper  and lower surfaces of the wing 
of the Douglas X-3 research  airplane w i t h  various leadingedge-flap 
deflections. An analysis i s  presented showing the  effect of deflecting 
the leading-edge f lap  on the wing character is t ics   a t  Mach numbers from 
0.55 t o  0.9. In addition,  the load  and hinge-mment charac*rietics of 
the  leadingedge f l ap  are  presented for Mach  numbers up t o  1.15 wlth the 
flap unaeflected and for  Mach numbers up to 0.9 with  the  flap  deflected. 

Ikflecting  the leading-edge flap  affects the chordwise load distri- 
butfon over about  75-percent  chord, and the  effects  are  generally simi- 
lar at  each w i n g  station. The deflected  flap  delays leading-edge-flow 
separation t o  higher  angles of attack, and, as  a  result, the m a x b m  
normal-force coefficient i s  0.05 t o  0.1 greater with flap deflected  a 
nominal 7O a t  Mach numbers up t o  0.76 and about 0 . 3  greater with the 
flap  deflected a mminal. qo at a Mach  number of about 0.55. Below 
maximum lift, deflecting  the f l a p  about does not change the normal- 
force  coefficient  appreciably at a given angle of attack; however, the 
center of pressure i s  moved rearward over most of the l i f t  range,  the 
rearward  displacement  increasing with increasing Mach number. No change 
occurs i n  the spawise location of the  center of pressure wlth flap 
deflection. 

Deflecting  the flap decreases the  flap normal-force and hinge- 
moment coefficients  considerably at a  paxticular angle of attack; how- 
ever,  the maximum normal-force and hinge-moment coefficients  lncrease 
with flap deflection as a result of the delay in leading-edge-flow  sepa- 
ration. The hinge-moment coefficient of the lesding-edge f l a p  is an 
approximately linear  function of the normal-force  coeffFcient of the 
flap. 

* 
Title,  Unclassified. 
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Wind-tunnel results from an X - 3  model and from models of similar 
wings show the same effects on the load and pitching-moment character- 
i s t i c s  of deflecting  the leading-edge flap as are shown by the  f l ight  
results.  The chordwise load distributions from wind tunnel and f l ight  
are similar, although at the higher  angles of attack the peak l o a f s  at 
the leading edge and f lap hinge l ine are higher for the   f l ight  data. 

'L 

Y 

INTRODUCTION 

Thin wings used on supersonic aircraft  present aerodynamic prob- 
lems at subsonic speeds as a result  of early separation of the flow on 
the upper surface, beginning a t  the leading edge (ref. 1). Leadingedge 
flaps have  been  shown t o  improve the landing characteristics of these 
wings by delaying  the leading-edge separation  to higher angles of attack, 
thus increasing  the maximum l i f t  (ref. 2 ) .  In addition, wind-tunnel 
tests have shown that a  cambered leading edge, such as a deflected 
leading-edge flap, improves the cruising characteristics of these wings 
because of an increase in lift-drag ra t io  for moderate angles of attack 
(refs. 2 t o  4 ) .  4 

As a result  of the  probable use  of leading-edge flaps and cambered 
leading edges on thin wings, a flight  investigation was conducted to Y 

determine the effect  of deflecting the leading-edge f lap on the wing and 
flap loads and on the  detailed  load  distributions. Util iz ing the 
Douglas X-3 research  airplane,  the  investigation was conducted a t  the 
NACA High-speed Flight  Station a t  Edwards, Calif. The X-3 i s  a thin 
wing airplane designed to  explore the subsonic and low supersonic Mach 
number  r-e.  The wing is unswept a t  the 75-percent  chord l ine and has 
an aspect ra t io  of 3.09, a taper ra t io  of 0.39, and a modified 4.5- 
percent-thick hexagonal section. The leading-edge flap i s  a plaln, 
constant-chord,  full-span f lap .  References 5 and 6 present an analysis 
of the wing  and flap loads and Load distributions obtained by 
differential-pressure measurements  between the upper  and  lower surfaces 
of the wing w i t h  leading-edge flap undeflected and some prelFminary 
results w i t h  leading-edge flap  deflected. The data herein supplement 
the previous  data by presenting a more complete analysis of the  effects 
of deflecting  the leading-edge f lap over a Mach  number range of 0.5 to 
0.9. In  addition, the load and  hinge-mment characteristics of the 
leading-edge f lap are presented for  Mach nanbers up t o  1 .l5 with flap 
undeflected and for Mach  numbers up to 0.90 with the flap deflected. 
For these tests the  flaps were deflected down a nominal 7 O  at Mach nun- 
bers up t o  0.9 and a ncaninal q0 at Mach  numbers up t o  0.7. A brief 
comparison with wind-tunnel results is  presented. 
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wing semispan, ft 

wing-panel span, spanwise distance from first row of orif ices 
(0.301b/2) t o  wing t ip ,  f t 

'b ' W%-panel  bending-mcfment coefficient about 0b1/2, 
n-l 

leadingedge-flap kdnge-moment coefficient, 
c* b' 

a =  

wing-panel pitching-mment  coefficient about O.2ge1, 

C % 

wing-panel  normal-force coefficient, 
b' 

leading-edge-flap  normal-force coefficient, [ C L p F  

local wing chord, streamwise, ft C 

mean aerodymmLc chord of wing panel, 2/S' 6'" .2 a y l ,  ft 

average  chord of w i n g  panel, ft 

Cf local leading-edge-flap  chord, streanrwise, f t  
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Cm 

cn 
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PU 

s '/2 

w 
X 

X 
CP 

leading-edge-flap  section  hinge-mament  coefficient, 
n-l 

wing-section pitching-mcmnent coefficient  about  0.25c, 
f>7 

section  pitch--moment  coefficient about l i ne  perpendicular 
to  longitudinal a x f s  of airplane, passing through 0.25c", 
cm + 0.50(1 - E'/c)cn 

wing-section  normal-force  coefficient, [%d: 

leadingedge-flap  section  normal-force  coefficient, Jo Cp d a 

acceleration  due  to gravity, ft/sec 2 H 

free-stream Mach nmber 

normal-load factor, g u n i t s  

local  static  pressure on lower w i n g  surface, lb/sq f't 

local  static  pressure on upper wing surface, lb/sq ft 

free-stream  dynamic  pressure,  lb/sq ft 

total wing area,  including  area  projected  through fuelage, 
sq ft 

area of wing panel (outbowd of 0.301b/2), sq ft 

airplane  weight, lb 

chordwise  distance rearward of leading edge of local chord, ft 

chordwise  location of center of pressure of w i n g  sectLon, 
(0.25 - %/cn)lOO,  percent c 

. 
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X f  chordwise location of center of pressure of w i n g  panel from CP leading edge of E ' ,  (0.25 - o , " / c ~ ~ ) ~ o o ,  percent E' 

Y' spaswise distance outboard of O b f  12, ft 

y' cp spanwise location of center of pressure of wing panel, 
(Cbt/cN')1m,  percent bt /2  

a measured drplane angle of attack, deg 

left  aileron  position, deg 

6f leading-edge -f lap  position, deg 

DESCRlpTION OF AIRPUN3 AND WING PANEL 

A three-view drawing presenting the overall dimensions of the 
Douglas X-3 research drplane i s  shown in  figure 1. Photographs of the 
airplane, includLng several v i e w s  of the wing with the  leaaing-eage f lap 
deflected, are shown in figure 2. The physical  characteristics of the 
airplane, wing panel, and leading-edge flap are given i n  table I. The 
leading-edge f lap is normally used during the landing approach i n  the 
full-down position in canbination with the trailing-edge  flaps. 

A drawing of the wing and leadingedge f l a p  is  Shawn in  f igure 3. 
The wing has an aspect r a t i o  of 3.09 ,  a taper ratio of 0.39, and zero 
incidence, dihedral, and twist. The cmon-chord line at  75-percent 
local chord i s  unswept. The wing section is a 4.5-percent-thick modi- 
f ied hexagonal a i r f o i l  with vertices a t  30- and 70-percent chord. 
Modifications t o  the a i r f o i l  consisted of a 188-inch radius at 30- and 
70-percent  chord and a small radius a t  the leading and t ra i l ing edges, 
as shown in   table  II. As a result ,  the wing-section o rdha te s  vary 
along the span. Table I1 includes the ordinates of the wZng section at 
five spanwise stat ions corresponding t o  the location of the rows of 
static-pressure  orifices. The t e s t  panel of the wing over which pres- 
sures were masured consists of the portion of the lef t  wing outboard 
of the first row of ore i ces  (0.301b/2). 

The leading-edge f lap has a constant streamwise chord of 12.5 inches 
and extends from the fuselage t o  the wing t i p .  Two control-actuator 
fairings are located on the bottom surface of each wing, as shown i n  f i g -  
ures 1 and 3.  The flap may be deflected t o  either of two nominal posi- 
t ions;  the  actual  deflection i n  each position  vasies slightly m&r load, 
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generally less than t2O. During these tests the average deflections 
for  the two positions were 70 and 270, respectively. Twist i n  the 

'leading-edge f lap is  estimated frm s t a t i c  tests t o  be 1e0s than lo 
with f lap undeflected and less than 20 with  flap  deflected.  Structural 
limitations  prohibited the deflection of the leading-edge f l a p   a t  Mach 
numbers  above 0.7 f o r  270 deflection and 0.9 for 7 O  deflection. 

Standard NACA film-recording  instruments were used t o  record the 
wing differential  pressures,  indicated  free-stream  static and dynamic 
pressures, n o m  acceleration,  angle of attack, angle of sideslip, 
dleron  position,  leadingedge-flap  position, and rolling and pitchlng 
angular velocities and accelerations. The indicated  free-stream static 
and dynamic pressures were obtained from a standard NACA airspeed head 
mounted  on a nose boom, and the static-pressure  error w a ~  determined in 
flight. Angles of attack and sideslip were  measured  by  vanes  mounted 
on the nose boom. Leadlng-edge-flap position was measured a t  the 
inboard control  actuator. All instruments were correlated by a common 
timer. 

Flush-type static-pressure  orifices  installed in the l e f t  wing 
were arranged in five streamwise rows. The chordwise locations of the 
orifices  are given i n  table 111, and the spanwise locations are sham 
in  f igure 3. The orificea were connected by tubing through the w i n g  
t o  multicell mechanical manometers i n  the  instrument  canparbent. Lag 
i n  the  pressure-recordlng system was determined by the method for 
photographic instruments  presented i n  reference 7 and was checked in 
f l igh t  by  comparing pressure measurements from abrupt and gradual 
maneuvers. The lag was found t o  be negligible  for the data  presented 
i n  this paper. 

Estimated maximum errors of the  pertinent recorded quantities and 
the  resulting  coefffcients are: 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.01 
Differential-pressure measurements, pz - pu, lb/sq f t  . . . .  t7 
n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20.05 
6f and 6 deg . . . . . . . . . . . . . . . . . . . . . . .  t0.2 aL' 
cp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.02 

% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1 
c n r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *O.W 

Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.03 
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The data presented were obtained from wind-up turns a t  Mach  numbers 
from 0.n t o  1.14 a t  an altitude'of about 30,OOO fee t  and from level- 
f l igh t  s t a l l  approaches a t  an alt i tude of about 20,M)O feet  durFng which 
the Mach n&er  decreased from 0.65 t o  0.45. Tests with the leading- 
edge flap  deflected were conducted t o  the mum Mach nmiber prescribed 
by structural limitations. Reynolds number based on the mean aerodynamic 
chord of the wing varied between 16 X lo6 and 26 X lo6. 

Automatic d i g i t a l  c q u t i n g  equipment w a s  used t o  obtain pressure 
coefficients from the recorded  data and t o  perform the chorwse  and 
spanwise integratfons  necessary to obtain  the normal-force and pitching- 
moment coefficients. The leadingedge-flap normal-f orce and binge- 
moment coefficients were obtained by integrating  the  load  distributions 
ahead of the hinge l ine.  Since  the  orifice rows are streamwise, the 
flap  section  characteristics  are f o r  sections that are not normal t o  
the hinge l ine  a6 is  usually  desired; however, the  differences between 
the  values obtained f o r  the streamwise sections and the values that  
would be obtained for normal sections  are  considered t o  be negligible. 
Finally, it should be noted that for 6f = 2'j'O an appreciable  error 
occurred in the  wing-section  normal-force  coefficient  obtained by inte- 
grating  the  differential  pressures. As a result ,  a correction was made 
by resolving  the normal force of the flap to i t a  component no& t o  
the wing chord. A similar correction was made t o  the wing-section 
pitching-mment coefficient. !&e error  for 6f FJ 70 w-aa considered t o  
be negligible. 

The pressure  coefficients and aerodynamic characteristics  obtained 
from the wlng differential-pressure measurements are  tabulated in 



tables IV t o  V I  fo r  S, = e, 7 O ,  and 2p at M = 0.55. These data 
were obtained from stall approaches i n  which the actual Mach  number 
decreased from about 0.65 to 0.45. Tables VI1 and VI11 present the 
data for  €if = 7 O  a t  M = 0.85 and 0.90, respectively. Data for  
6f = Oo a t  Mach  numbers of 0.71 t o  1.15 and for  6f = 7 O  a t  M FJ 0.71, 
0.76, and 0.80 are tabulated in reference 6 .  The leading-edge-flap 
normal-force and  hinge-moment coefficients  are  presented i n  tables IX 
t o  X I .  

RESULTS AND DISCUSSION 

Chordwise  Load Distributions 

Representative.chordise  load  distributions  selected from the  tab- 
ulated data for leading-edge flap  deflected are presented as oblique 
prodections i n  figure 4. This figure KLll be used throughout the dis -  
cussion to  explain some of the results. Included in  f igure 4 are the 
load distributions for 6f = Oo to show the effect of deflecting  the 
leading-edge flap. 

* 

sf = 7'. - A t  Mach  numbers of approximately 0.55 and 0.71 (f itgs . 4 (a) .I 

and ( m y  a moderate  change i s  evident i n  the chordlwise load distri- 
butions over most of the l i f t  range when the leading-edge f lap is 
deflected about 7 O .  However, at a = 3 O  (M = 0.71.) the loading a t  the 
leading edge i s  noticeably reduced when the flap is deflected, and the 
loading a t  the hinge i s  increased.  Deflecting  the flap produce8 similar 
results a t  a l l  w i n g  stations, except for  some f lap end effect a t  the 
leading edge of the  inbomd  station. The deflected flap affects the 
pressures over  about 75 percent of the local chord. 

A t  M 0.90 (fig.  4(c))  deflectfng the flap causes a larger 
change i n  the leading-edge loading a t  the lower angles of attack; how- 
ever, a t  a = go the  effect is greatly reduced. Ihta for  6f * 7 O  
were not  obtained above a = go a t  M 0.90. 

Ef = eo.- When the leading-edge flap is  deflected about 2'70 at  
M = O m g  . &(a) ) , a larger change occurs fn the chordwise load 
dlstributfons than for 6f = 7'. A t  the lower angles of attack a large 
negative load occurs a t  the leading edge, changing rapidly  to a large 
positive  load as a result  of the expansion of the flow over the hinge 
line. As the angle of attack  increases, the loading  near the leadfng 
edge  becomes positive and increases  continuously to  the maximum angles 
of attack measured. As for sf r;: 7O,  the result  of deflecting  the  flap 
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is  s i m i k  a t  a31 wing stations, and the  deflected flap affects  the 
pressures over about 75 percent of the  local chord. 

Leadingedge-separation boundary.- The effects of leading-eue- 
f l o w  separation on the characteristics of the X-3 wing are  discussed 
i n  reference 6 ,  and an agpro”ke boundary for  separation with leading- 
edge flap undeflected is presented. It is shown that the leadingedge- 
flow sepaxation starts a t  low angles of attack and results in low 
values of mxhm lift at Mach nmbers up t o  about 0.9; however,  above 
this Mach  nwnber the flow around the leading edge remains attached up t o  
high angles of attack and results in Ugh sues of nmaximm L i f t .  

A similar boundarg illustrating  the  effect of leadingedge-flap 
deflection on leadingedge  separation is  presented  herein. In deter- 
mining the boundmy, the resulting loss in local l i f t  a t  the  leading 
edge was used t o  determine the approximate angle of attack  for  leading- 
edge-flm  separation.  Figure 5 shows representative plots  of Cp 
against a at  three w i n g  stations fo r  the  orifice  closest to  the 
leading edge for both flap undeflected and f l ap  deflected. The angle 
of a t tack  a t  which C p  ceased t o  increase with increasing angle of 
attack was taken to be indicative of leadingedge-flow  separation. A t  
M - 0.55 wfth flap undeflected,  sepaxation had already  occurred at   the  
lowest  angle of attack f o r  these  tests, &nd a t  M = 0.85 the angle of 
attack reached with flap  deflected in these tests w a s  not sufficient t o  
cause separation. 

I n  a l l  cases shown in figure 5 ,  deflectfng  the  leadingedge  flap 
results i n  a higher angle of attack being reached  before  separation; 
the  effects of this on the chordwise load  distributions may be seen i n  
figure 4. The dew ln separation  explains  the  larger load3ng at the 
leading edge fo r  = than f o r  6f = 00 a t  moderate angles of 
attack and Mach nmbers of about 0.55 an& 0.71. 

Figure 6 shows the resulting boundaries f o r  leading-edge-flaw 
separation f o r  the root, midsemispan, and t ip   o r i f ice  stations deter- 
mined from data typical of those shown i n  f fgure 5 .  Deflecting the 
Leading-edge flap about 70 a t  Mach nmbers between 0.7 and 0.8 delays 
the  onset of leatllng-edge-flar  separation t o  an -le of attack about 

greater  than  for Bf = Oo . Deflecting  the  flap wo results i n  a 
s t i l l  larger  increase i n  angle of attack  before  separation at   the  mid- 
semispan and t i p  stations; no separation was indicated a t  the root 
station. It may be noted that separation did not  occur simultaneously 
a t  all spanwise stations  across  the wing f o r  either f lap undeflected or  
deflected. The effect  of  Mach  number i s  large; for 6f = 7 O  the mini- 
m m  angle of attack f o r  separation occurs a t  a Mach number near 0.7. 
At 6f = Oo and Mach  numbers below 0.7 the boundary for leading-edge 
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separation could  not be established because separation had already 
occurred a t  the luwest angle of attack of these tests. 

Wing-Sectlon and  Wing-Panel Characteristics 

The effect  of deflecting  the leading-edge flap on the noml-force 
coefficient, pitching-moment coefficient, and center of pressure of the 
wing section at root, midsemispan, and t i p  orifice s ta t ions  is shown i n  
figure 7. The effect  of flap deflection on the wing-panel characteris- 
t i c s   fo r  the same conditions is presented in  figure 8. 

Normal-force coeflicient.-  Deflecting  the  leadingedge flap about 
7 O  has l i t t l e   e f f e c t  on the section and panel normal-force  curves  except 
a t  angles of attack near the stall. This is  explained by the chordwise 
load  distributions of figure 4 which show that when the flap is 
deflected 7 O  at low 'angles of attack  the load decreases  near  the 
Leading edge, but increases over the hinge line. Conversely, a t  the 
higher  angles of attack the load increases near the leading edge as a 
result of the  delay i n  leading-edge-flow separation, but decreases 
behind the hinge l ine.  In either case, t o t a l  load changes only slightly; 
however, the maximum CHI (fig. 8(a) )  is increased about 0.05 t o  0.1 in 
the "ach number range up t o  0.76 as a result  of the  delay i n  leading- 
edge-flow separation. A t  the higher Mach nmbers no conclusions can be .I 

dram from the data  obtained concerning maxlmum CN' i n  figure 8(a), 
since maximum CN' was not  reached wlth either  f lap undeflected  or 
deflected. 

. 

Deflecting  the  leadingedge  flap ro a t  M = 0.53 decreases  the 
normal-force coefficient  slightly a t  the root and t i p  wing sections 
throughout most  of the  angle-of  -attack range; however, a large increase 
in the maximum normal-force coefficient that is obtainable is  realized 
8s a result of the delay i n  leadingedge-flow separation. €&ximum 
obtainable CN' increases fram about 0.67 for  Sf = Oo to about 0.95 
f o r  6f = 270. 

Pitchiw-moment coefficient.- As a result of the change i n  chord- 
wise load distribution when the  leadingedge flap is deflected about 7O,  
the section and panel pitching-moment Cw&s are-shifted in the negative 
direction over most of the l i f t  range as the  center of pressure is moved 
rearward by the deflected f l a p  (figs. 7 and 8(b ) ) .  Flap deflection .also 
delays t o  a higher normal-force coefficient the strong nose-down moment 
that occurs  near maximum lift. Increasing 
M = 0.55 increases the effects noted f o r  



Bendinp;-mment coefficient.- The bending-merit coefficient of the 
wing panel experiences no change when the  leadlng-edge flap is deflected 
(fig. 8 k )  1 

Center of pressure .- As a resul t  of the change i n   c h o r d a e  load 
distribution when the  leadingedge  flap is deflected,  the chordwise 
position of the  center of pressure is  rearward of that f o r  S, = So 
over most of the lift range (figs . 7 and 8(d) ) . The effect  of Mach 
n m h r  for  sf--  is t o  increase  the  rearward  dlsplacement. A t  high 
lift the  center of pressure with the flap deflected is  s l ight ly  forward 
of that f o r  6f = 00. The sparmise position of the center of pressure 
is  unaffected by  flap deflection  (fig.  8(e)). 

Span Load and  Pitching-Moment Distributions 

Reference 6 shows that the span load distrlbution with leadingedge 
f lap undeflected i s  nearly e l l i p t i c  for most of the lift range.  Figure 9 
shows that deflecting  the leadingedge f lap has little effect on the span 
load distribution below wing stall. This results, of course, from the 
previously noted fact that deflecting the f lap has l i t t l e  effect on the 
wing-section normal-force coefficient o r  the spanwise  position of the 
center of pressure. 

Figure 10 shows that deflecting the leaaing-edge f lap  has l i t t l e  
effect  on the shape of the pitching-mcment distribution, because the 
previously mentioned change in the pitching m n t  at  each wing section 
occurs almost uniformly over the span. 

Leading-Edge-Flap Characteristics 

The variation of the flap norma3-force coefficient and hinge-moment 
coefficient w i t h  angle of attack for leadingedge f l a p  mdeflected and 
deflected is presented for  the root,  midsemispan, and t i p  sectfons i n  
figure ll and. fo r  the total f lap i n  figure 12. In addition,  the  varia- 
t ion of Chf with Cnf is shown i n  figure 13. The data cover the Mach 

zuzmber range from 0 -55 t o  1 .l5. When the leadlng-edge flap fs unde - 
flected, the variation of the section and t o t a l  normal-force and hinge- 
moment coefficients  with angle of attack is approximately linear up t o  
maximum normal-force coefficfent a t  the lower Mach numbers. As the Mach 
number increases,  thicurves became Increasingly nonlinear. As would be 
expected,  the  angle of attack f o r  maxlmum flap-section normal-force 
coefficient  correlates  closely with the leading-edge-separation bomdaxy 
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shown in  f igure 6. Above M = 0.9 no leading-edge separation is in&- 
cated and & maximum normal-force coefficient i s  not reached. The ma&- * 
tudee of c and (& are  naturally much larger than the corresponding 

magnitudes of c, and CN*, since  the forward portion of the wing 
carries the greater percentage of the load. Also, a t  the lower Mach 
numbers, the flap loading is noticeably greater inboard than a t  the t ip .  

nf 

In  general,  deflecting  the  flap decreases  the  load and hinge moment 
a t  a given -le of attack, but  noticeably  increases  the maximura  load 
and hinge moment as a result  of the  delay i n  the leading-edge-flow 
separation. 

The direct  dependence of hinge mcanent  on  normal, force is shown in 
figure 13 i n  which C b  is an approximately linear function of C!N f 
for both f lap undeflected and flap deflected,  indicating very l i t t l e  
change in  center of pressure f o r  the  flap. 

Comparison With Wind-Tmnel Data 

A comparison of  the flight data vf th  the wind-tunnel data of ref- 
erence 8 for a 0.16-scale model of the X-3 is presented i n  figures 14 
t o  16 f o r  M = 0.55 to 0.90 with the leading-edge f lap deflected. A 
comparison of similar data for 6f = OO was made i n  reference 6 ,  where 
good agreement was obtained a t  Mach numbers below 0.90. Figure 1 4  pre- 
sents chordwise load  distributions f o r  midsemispan stations of the wing 
f o r  both f l igh t  and wind-tunnel data. I n  general, the chordwise load 
distributions frm wind-tunnel and flight are similar for  both Bf = 7 O  

and 6f * 2T0, although a t  the higher  angles of attack  the peak pres- 
sures at the leading edge and a t  the flap hinge l ine are higher for the 
f l igh t  data than  predicted by the wind-tunnel tests,  and the pressures 
rearward of 40-percent  chord are lower than predicted.  Mgures 15 and 
16 present  the  variation of c,, cnf, and chf with angle of a-btack 
for  the midsemispan stations of the wing f o r  both f l igh t  and wind-tunnel 
data. The wind-tunnel data w e r e  obtained by Integrating the pressure 
distributions  presented in reference 8. 

Other wfnd-tunnel results from an X-3 mdel (ref. 9 )  and frcnn models 
of th in  w i n g s  similar t o  the X-3 (refs. 2 t o  4) show the same effects on 
the load and pitching-moment characteristics of deflecting the leading- 
edge flap as discussed  herein,  although maximum lift coefficient i s  about 
0.1 higher for  the wind-tunnel models. 
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W i n g  loads and load distributions were obtained by pressure mas- 
urements over the wing of the Douglas X-3 research airplane with  leading- 
edge flap  deflected. The data cover the  angle-of-attack range of the 
airplane a t  Mach  numbers up t o  0.90 with the flap  deflected. In a m -  
tion,  the normal-force and h i n g e m n t  characteristics of the  leading- 
edge flap  are  presented f o r  Mach  numbers up t o  1.15 with f l a p  unde- 
fleeted,  as  well  as f o r  Mach nmbers up t o  0.90 with flap  deflected. 

Deflecting  the  leadingedge f l a p  affects  the chordwise load d i s -  
tribution over about  75-percent  chord, and the effects =e generally 
shi lar  a t  each wing station. The deflected  flap delays leadingedge- 
flaw  separation t o  higher angles of attack, and, as a result, the 
maximLrm normal-force coefficient i s  0.05 t o  0.1 greater with flap 
deflected  a nominal 7O a t  Mach nmbers up t o  0.76 and about 0.3 
greater  with  the  flap  deflected  a nominal 270 at a Mach  number  of 
about 0.55. Below meximum l i f t ,  deflecting  the  flap about 7 O  does not 
change the  normal-force  coefficient  appreciably a t  a  given angle of 
attack; however, the center of pressure i s  moved rearward  over most of 
the l i f t  range,  the  rearward  Usplacement  increasing w i t h  increasing 
Mach  number. No change occws  in  the sparrwise location of the  center 
of pressure with flap deflection. 

Deflecting  the flap decreases  the  flap  normal-force and binge- 
moment coefficients  considerably at  a particular  angle of attack; how- 
ever,  the maximum normal-force and hinge-moment coefficients  increase 
with  flap  deflection  as a resul t  of the delay in leading-edge-flow 
separation. The hinge-mmnt  coefficient of the leadingedge f l a p  i s  
an approximately linear  function of the normal-force coefficient of 
the flap. 

Wind-tunnel results from an X-3 model and frm m o d e l s  of similar 
wings show the same effects on the load and pitching-moment character- 
istics of deflecting  the leading-edge flap  as aze shown by the  f l ight  
results.  The chordwise load distributions frm wind tunnel and f l igh t  
are simflar, although a t  the higher  angles of attack the peak loads a t  
the leading edge and f l a p  hinge line are higher for the flight data. 

=&-Speed Flight  Station, 
National Advisory Camittee fo r  Aeronautics, 

Edwards, Calif., &ril 14, 1958. 
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1 5 4 3 2 . 

1.121 
1.233 

e611 
e617 

m312 
a485 

0255 
a l o e  

a027 
.088 

a083 
.028 
io27 
a034 1 
a007 

x' = 22.9 op 
Pap  P M . 5  1 

I I I I 

2 
1 1.328 20265 2.057  1.897 

la714 2.255 
3 1.277 
4 
5 

1.425 

6 a 790 
~ 9 9 1  

7 
8 

a613 

9 
a 542 

10 
a426 
a311 

11 
12 

0244 

13 
0198 

14 
0162 
a180 

1 5  a077 
16 0 0 4 2  
17 
18 

a041 

19 
a008 
e031 

1.709 
9E6 

a 969 
a639 
r722 
e 409 
a411 
a 332 

a262 
a z o 0  

.I12 
191 
-039 
.I98 
b o 2 3  
e079 
e016 

1.939 1.7~ 
1.648 1.639 
1.299 1.513 

a869 c0b4 
0981 la221 

0653 a730 
0711 0641 
0493 a402 
a311 0338 

0165 a171 
a292  0249 

m141 e095 
a 1 3 1  a070 

a102 r016 
a 0 5 3  - e008 

a047 a 0 0 6  
e024 a091 

0073 - a014 

1.345 
1a316 
a930 
a bo6 

0353 

e140 
0217 

a117 
e047 
e104 

. O M  
a048 

a032 
a016 

8513 
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I 
2 

le481 
1 e 990 

3 
4 

le563 
1.688 

5 1.111 
6 
7 0 699 

872 

8 e590 
9 

10 
-501 

11 
e318 
-276 

12 
13 

-216 

14  r177 
0167 

15 
IC 

r079 

1 7  
r044 

18 
0037 

19 
e 009 
e035 

2 3 4 5 

2 e 498 

2.064 
2.519 

1.028 
1.446 

e 006 
a713 
.535 
.475 
e 394 
e294 
r269 
.180 
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a 104 
eo71 
e054 
0035 

1.768 

1.632 
1.629 

1.442 
1.260 
1.1ao 
,892 

.549 

.840 

e415 
.349 
0134 
.I78 
e107 
,072 
e071 
e 044 
e044 
m074 

2.103 

1 e822 
1.971 

1 702 
1 m464 
e967 
e851 
726 
e456 
.357 
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0167 
0099 

- e009 e062 
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e044 
e009 
.000 

1 e 464 

10159 
le398 

e730 
e572 
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e177 
el24 

0127 
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e090 
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,018 

1 
2 

l e 7 8 3  
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10837 
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5 
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1.314 
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7 

e969 

8 
e777 
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9 e 5 6 9  
10 
11 
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12 
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e260 

13 
14 

.I66 

15 
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16 . e082 
e 0 8 1  

17 e075 
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.010 
e020 

'18 

2.441 
2.418 
2.229 

le244 
1.838 

.975 
e825 
0675 
e601 
e436 
a 3 5 0  
0239 
0199 
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0123 
0086 
0082 
e042 
e041 

1.695 

1 e550 
1.607 

1 e366 

1 074 
1.366 
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e552 
.435 
e155 
0 165 
e105 
e093 
e123 
.041 
e112 
e 096 

1 8 5 4 2  

1.569 1.65s 
1.490 le525 
1.447 1.193 
1.502 e836 
le430 e663 
1.17b e524 
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1.006 a235 

-558 e 1 1 4  
e693 a175 

e390  e126 
e265 a178  
a156 e 0 5 1  
,072 ,093 
,0042 e011 
e041 
.082 
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L 

2 
1 2.604 

2.343 

4 
3 2.037 

2.036 
9 
6 

1 e448 

7 
10060 
e875 

9 
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10 
e641 
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11 e348 
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14 e 196 
15 
16 

e126 

17 
-081 

18 
e072 
.011 

19  e023 

2.035 
I 991 
1.931 
le915 
1.675 
1 e391 
le096 
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e 837 

e 5 0 2  
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e 2 1 2  
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.lo2 
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a116 
e047 
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1 e663 
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1 a515 

1.373 
1.477 
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le125 
a790 
e678 
e478 

0 2 3 2  
a267 

a 1 1 7  
a162 
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e096 
e103 
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1 a476 
le598 
le431 

le109 
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0962 
e734 
e604 
.534 
e367 

.11s 
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a060 
a 1 0 5  
e127 

.047 

.I30 

1.514 
le476 
1.267 
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a769 

.459 
e 544 

0197 
e 2  76 

,151 
m224 
e247 
e057 
e186 
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1 
2 

2.874 

3 
2.445 

4 
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2.170 

6 1.251 
7 le019 
8 a890 

10 
9 e700 

e480 
11  e360 
12 e290 

14 
13 a178 

e235 
15 
16 

a073 
e123 

17 
18 

e077 
-024 

19  e037 

5 i B w o  

1.917 
le956 
1 a 793 

la616 
1.872 

1.425 
le289 

e 826 
~ 9 1 4  

. 446 a626 

e289 
e189 
0164 
I 173 
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e097 

000 
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le718 
1.501 
1 e493 
1 e502 
1 e392 
1 a328 
1.132 

e906 
o 727 
m599 
a262 
.298 
a196 
.too 
a185 
-087 
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e123 

1.206 

1e436 
1 e402 
1.322 
1.397 
1.342 
10172 
1.156 
1e098 
0824 
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e735 
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e251 

e103 
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e173 
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e063 
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Orif ice Ron 

1 2 3 4 5 
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13 
14 
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e839 

7 0 2  
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a 1 8 8  
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e 222 
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1.436 
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a104 
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a659 . 901 
240 
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0124 
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(a) H = 0.65 a = m.00 
c u  = 0.50 4L = .5' down 

1 -0.198 

3 
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a416 
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a095 
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m267 a294 
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e079 a125 

0106 a072 
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1a307 
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18 
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830 
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1.097 
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.022 
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0576 
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0044 
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0.512 

3 
0985 
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5 
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2.219 
6 
7 

1.030 
1.435 

8 1.196 
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9 0745 

524 
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14 

0218 
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,287 

16 
rn 142 
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.192 
-103 

18 m064 
19  e044 
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0857 
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1.317 
2.777 

1.381 
1.905 

e903 
0769 
~ 6 9 5  
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145 - .011 

0.814 
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1 e654 
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1.090 
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0877 
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e209 
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e054 
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0.756 2.020 
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1.184 10554 
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1.606  1.299 
1.885 1.513 
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5 2.339  2.760 

1 le421 1.346 
1.826  1.651 

8 1.213  ,943 
9 
10 
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~ 5 7 9  ,684 
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15 

e265  m216 
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16 
19 e032 - e027 

b833  a791 
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a051 bl61 
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1.160 

2.708 
1.206 

2 .I60 
1 a564 
1.327 

~ 9 5 1  
e641 
e602 

e306 
0198 
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.oeo 
a105 
.I25 

b334 
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1.290 
1.643 

.979 

1.420 
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.976 
a734 
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e014 
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e946 
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e730 
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3 
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9 
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12 
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I5 
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1.428 
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a416 
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a254 

.I06 

e078 
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2.149 
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b578 

Oe612 
a661 
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1 m695 
1.936 

1.118 
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a372 
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.I91 

a171 
a177 

.I95 
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2 1.521 
3 2.075 
4 2.422 
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5 2.436 

1.942 
7 
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1.451 

9 
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12 
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0259 
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.I00 
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2.641 
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2.020 
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e096 
0178 

.I36 
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-591 
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.I84 
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e125 
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7 
0 

10 
9 

11 
12 
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16 
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19 
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1.814 
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1.034 
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e446 
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0138 
0114 - e 0 1 5  
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2.254 
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e315 
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,221 
0194 - 0015 
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2.442 
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1 a398 
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e170 
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m591 

e314 
0469 
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TABLE VI. - Concluded. 
[M =: 0.55; cjf z 27" I 

( 5 )  M = 0.48 a = 18.3" 

& = 26.6' 
csa = L O f +  $L = UP 
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2 
3 
4 
5 
6 
7 
8 
9 
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11 
1 2  
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14 
15  
16 
17 
18 
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2r614 
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1 0 9 6 7  
1.809 
1.459 
le332 
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b f 6 6  
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0 959 

la035 
0875 
e 466 
0 100 - 0090 - 0106 - 0194 
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10 
m594  e706  a794 -907 - .IO4 
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12 
1 3  

15 
14 
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17 
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0014 
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- r124 e041 

- a197 - .285 
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.021 - e013 
6048 - a028 

*a24 



I , 
1 

3 
2 

4 
5 
6 
7 
8 
9 
10 
11 
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1.411 1.166 
1 ~ 4 0 9  1.312 
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1.152 1.268 

1.041 1.074 

m435 m519 
m933  r583 

a068 ,301 - e 0 2 7  a116 
a 0 0 0  - a107 - a082 - e056 - m007 - m020 - m020 n o 4 0  - -020 * e014 
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1.222 

4 
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8 1 w009 
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12 
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19 moo0 

2.022 
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1089 
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1.185 m511 
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TABLF: VI1.- Continued. 

[M Z 0.85; sf 2 7" J 

( i)  M = 0.s 
CN = 0.63 A 

= 7.2' 

Orif-ics Row 

1 4 1  5 3 2 

1 
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3 
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5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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2.099 1.679 
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a275 4134 
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1 1.601 
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5 1.391 
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1.3 006 
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16 e095 
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1.538 
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4 
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5 
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11 
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14 
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e410 
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~ 1 3 8  
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0093 
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1.600 
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0695 
a616 

a265 
0362 
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-185 
a237 
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.202 
a141 

1 b700 

1 734 
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1.409 
1.221 
a972 
a947 

m689 
0711 

a613 
,512 

162 
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- 0014 
0246 

e249 
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a783 
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0338 

a 0 3 5  
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e325 
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a168 
a301 

b272 
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1 2 3 4 5 

1 1.912 

3 
4 

1 a 566 
1 745 

6 
5 1.465 

1 364 
7 1.323 

9 
8 1.234 

10196 
10 
11 

a 6 9 2  

12 
e 473 

13 
0276 

14 
.080 
.I70 
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16 

a013 

17 - e014 0054 

18 - a 0 0 7  
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Z 2.106 
2.259 
2.112 
1089? 
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1.622 
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1.501 

le268 
1.127 
0653 
a457 

.138 
a324 

e095 
124 

e120 
.lo2 
0069 
.020 

21296 
1 .954 

1.658 
1.784 

1.704 

1.522 
la678 

1.351 
a870 
724 
0645 
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0328 

e227  
a 904 

e292 
a218 

0127 
m196 

.325 
0229 
a133 
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3 
4 
5 
6 
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7 

IO 
9 
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12 
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a206 

e166 
a112 

e177 
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a098 

- a114 
a411 

- a042 

- a029 
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e006 

" ~~ 

-0.913 - a414 .. m088 

I 980 
a210 
a223 
e235 
a 336 
e 2 7 5  
e275 
a 129 
a117 
e319 - a163 - a071 
a om - a 0 0 6  
e012 

.04e 

~ .. 

-1.158 - -725 - a377 - e231 
e 951 
a 789 
a553 

0387 
a336 

e 3 4 5  
.354 
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a107 
e091 

- ,232 
a 0 0 0  
a 0 1 2  - a024 
a031 

-1.235 - a765 - a462 - e171 - a 0 0 8  
a 866 
a 739 
a 804 
a 36a 
e 4% 
a410 

- a172 
a 300 

- a319 
- a079 
- .e213 

- a 0 3 0  - a037 
a019 

-1 a 253 - e599 
e 008 
a 9f3 
a866 

a536 
a694 

- .2*8 
- .I33 

- a342  - a 1 4 8  - a037 

- a 0 1 2  
- a060 

- e019 

~~ 

1 -4.434 
2 - a369 
3 - e167 
4 - a067 
5 
6 

a364 
a318 

8 
7 a230 

e261 
9 e247 

lo  11 a 1 7 6  
a323 

12 a225 
13 e 147 
14 a418 
15 - a102 
16 - a060 
17 - a050 
I1 - a035 
19 a012 

-0.488 

- . O M  
- a191 

a121 
a 959 
a373  
e216 
a341 

386 
e343 
a 344  
a 1 6 0  
a136 

- e097 
a213 

- e131 

- a 0 9 1  
a Ob7 

a042 

-0.921 - -44b - m241 .. .I20 
1.018 

a846 
a707 
4 2 5  
e382 
a477 
e410 

e l 5 2  

- a270 - a024 - a 6 0 6  - a012 
a032 

.22a 

.06a 

-0 a 990 - a468 - a192 - a057 
a047 
e 900 
a 781 
a822 
a617 
a457 
a448 
a319 - a104 

- a 3 0 1  
- a368 

- 0110 - a048 - a097 
e 0 0 6  

-0.667 - e308 
r000 
a969 
a880 
a733 

- e097 
e 5 5 6  

- a243 - e4S2  - e229 

- a 0 8 4  
- a037 

a 0 0 0  .. e044 
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1 

3 
4 
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5 

7 

9 
8 

10 
X 1  
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13 

15 
14 

16 
17 
18 
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C j f l c n  
' BOW 

1 2 3 4 5 

1 
2 

01247 
~ 2 0 3  

3 e 2 9 7  
4 a365 

6 
5 ,122 

7 
e615 

8 
a503 

9 a491 
10 
11 

a496 

12 
.393 
0311 

14 
13 a287  

1b  
17 - a013 a048 

18 b o 1 2  
19  Do12 

b 495 

D439 
15 - bo89 

0.158 

a238 
a 291 
0295 
a900 
0885 

L 776 
0792 
0747 
e460 
a305 

- a 4 1 7  

a208 

b 944 

- b o 9 0  

- bo42 - b200 
- a031 

rOQb 

0.032 
a071 
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a902 
a892 

a643 
a305 
a265 

.. a209 
0 a325 .. a083  
a036 
a006 

a749 

- a152 

. . .. . .- 
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2 
1 0.810 

m915 

4 
3 -693 

5 
e 6 2 b  
-944 

6 
? 

.809 
696 

8 612 
9 
10 

-658 

11 
0633 

12 
a560 
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m373 

I 14 
0334 
a228 

! 6  
15 - a 0 2 4  

17  a106 
~ 1 1 3  

18  a075 
~ 19 e041 

1.318 . 821 
646 

1.097 
m615 

.954 
a 8 1 3  

750 
,707 

114 
629 

e 335 
546 

a474 - 0211 - e106 
0024 
a 006 
-018 

1.336 
1.060 
a809 

1.083 
m521 

1.037 
a888 

1.018 

192 
-906 

e500 
149 

e396 
e168 - e315 

- a078 - e 1 3 1  

a048 
. o m  

1.389 
la114 
0978 

1.015 
a533 

e968 
1.021 
e815 
a837 

e636 
.744 

- 0042 
a498 

* 0328 - a362 - a137 - a031 
0012 

7130 

0.965 
a821 
e348 
.a22 

a716 
0791 

a653 
0406 
a359 - a030 - a098 - a164 - a295 - e193 
e037 
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6 
7 

9 
8 
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10 
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13 
14 
14 
16 
17 

19 
18 

1.156 
10614 
1.124 
la329 
1.274 

la005 
1.088 

.933 

a805 
.894 

0736 
* 549 
a256 
e224 - e024 
-054  - a019 - -041 
,030 

1. 801 

1 e 451 
le626 

1.293 
1.341 

1.078 
0975 
e 942 
e930 . 558 

4 080 
a 2 2 8  

- e151 - -065 
~ 0 6 1  

-055 
,031 

1.11e 

. a32 

1.444 
1.800 

10348 
1 e205 
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1.362 
la216 
1.282 
1 e052 
0739 
0617 
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e195 

158 - 4024 
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.012 
e069 

1.812 
la565 
1 a429 
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1.188 
1.321 
la242 
1.271 
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a578 
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e419 
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a019 

D812 
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TNELE VIII. - Concluded. 

f le157 
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13  0126 
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1.411 
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a625 
e603 
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0006 
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0062 - e012 
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0.281 
-351. 
.4ll  
.462 
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8.2 
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1.m 
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1.214 
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1.91 
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1.1136 
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8.2 1.m 
10.1 1.& 
11.1 1.806 

7. ''Z 1.551 

0 .19 
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.3& 
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.710 
m 820 
-862 .w 
.93b 
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1.649 1 . 4 6  
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1.911 
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1.99 
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62 - NACA RM ~ 5 8 ~ 2 9  

Leading-edge flap undeflected. E-2161 

a 

". ... 

Leadingedge flap deflected 10'. E-2162 

Leading-edge flap deflected 30". E-2163 

(b) Close-up v i e w s  of wing w i t h  leading-edge flap. 

Figure 2. - Concluded. 
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Figure 3. - Drawing of the le f t  wing of the Doughs X-3 airplane showing 
the spanwise location of the orifice rows. All dimensions in feet 
unless otherwise stated. 
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Figure 4.- Effect of deflecting  the leading-edge flap on the chordwise 
load distributions over the X-3 wing. 
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(a) M FJ 0.55 - continued. 

Figure 4. - Contaued. 
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(a) M - 0.55 - concluded. 
Figure 4. - Continued. 
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Ffgure 4.- Continued. 
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Ffgure 4.- Concluded. 



NACA RM ID29 
c 

Figure 5.- Effect of deflecting the leading-edge flap on the variation 
w i t h  angle of attack of the  differential-pressure  coefficient at  
the leading edge of the X-3 wing. 
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Ngure 6 . -  Effect of deflectjng the leadlng-edge f lap  on the approximate bow for leading- 
edge-flow separation for the X-3 Xing. 
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NACA RM ~ 5 8 ~ 2 9  

. 

(a) Root. 

Figure 7.- meet of  deflecting the leading-edge f lap on the 
Mng-section aeroaynamic characteristics of the X-3 wing. - 



NACA FDI ~ 5 8 ~ 2 9  
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(b) Midsemi-span. 

Figure 7.  - Continued. 
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Figure 7.- ConcLuded. 





. .  
I 

1 I I r 

CN' 

b' 

( c )   ending mmnt .  

. .  



N’ 

I .o 

.8 

.6 

.4 

.2 

0 
Mz0.55 M ~0.7 1 Ms0.76 ’ MzO.80 Mz0.85 “0.90 

y; p, percent b72 

(e) Spanwise hcat ion  of center ~f pressure. 

mure 8.- Conchkd. 

. .  . .. . .. . 



NACA RM m8IXg 

.8 

.4 

0 
f .2 

a = ll.!jo a = 6.0° 

(a) M - 0.55. (b) M = 0.90. 

Figure 9.- Effect of deflecting the leadingedge flap on the span load 
dfstribution over the X-3 wing. 
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(a) M = 0.55. (b) M 0.90. 

Figure 10.- Effect of deflecting the leadingedge f lap on the spanwise 
pitchingaament  distribution over the X-3 wFng.  



(a) Section normal force. 

Figure 11.- Effect of deflecting  the  leading-edge flap on the section 
normal-force and hinge-moment characteristics of the leading-edge 
f lap  of the X-3 wing. 



80 NACA FM H58D29 

(b) Section hinge moment. 

Figure 11. - Concluded. 

c 



a, deg 

(a) NO- force. 

figure E. - Effect of deflecting the leading4.ge f lap  on the total  normal-force and hingeaomnt 
characteristics o f  the leadingedge flap of the X-3 w i n g .  
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Figure 13.- Variation of htngeament  coefficient v l th  normal-force coefficient for the 
leding-edge f lap  o f  the X-3 Xing. 
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84 NACA RM 

Figure 

Xk 

II 

of ref- 14.- Comparison of flight data y i th  wind-tunnel results 
erence 8 for midsdspan  stations of the X-3 wing. Chordwise load 
distributions . . 
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Figure 14. - Concluded. 
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Figure 15. - Conrparison of flight data with wind-tunel results of reference 8 f o r  midsemispan 
stations of the X-3 w i n g .  Sectlon normal-force coefficient. 
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Figure 16.- Comparison of flight h t a  with wind-tunnel results of ref- 
erence 8 for midsemispan  stations of the X-3 wing. Lesding-edge- 
flap  characteristics. M = 0.80. 


